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CP Violation in the B'j system 

S. Donati 
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In this paper the most recent Tevatron results concerning CP violation in the B a system are reviewed. These 
are the measurement of the direct CP asymmetry in the B® — > K~n~*~ decay performed by CDF and the 
measurement of Ar a and <j> a performed by DO in the B® — > J/ip<f> decay. 
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1. Introduction 

One of the challenges for elementary particle physics 
is to trace all possible sources of the violation of CP 
symmetry. In the standard model, CP symmetry is 
violated through the CKM mechanism. Although the 
standard model picture of CP violation has so far been 
confirmed by all laboratory measurements, the level of 
CP violation in the standard model is too small to pro- 
duce the observed baryon number density in the uni- 
verse. One source of CP violation arises in the mixing 
of doublets of neutral mesons, as the K°, composed 
of a down quark and a strange quark, and the B® 
mesons, with the down quark replaced by a bottom 
quark. This makes searching for CP violation in the 
B° s decays very interesting. B hadrons are abundantly 
produced at the Tevatron Collider, the measured B + 
cross section is 2.78±0.24 /A> in the region of trans- 
verse momentum px(B + ) > 6.0 GeV/c and rapidity 
| ij(B + ) |< 1 [1]. This cross section is three orders 
of magnitude larger than at e + e~ machines running 
at the T(4S I ) and the available energy allows the pro- 
duction of the heavier B® (and B c and A&) hadrons, 
although reduced by a factor f s / fd(fu) with respect 
to B°(B + ). The challenge is extracting the interest- 
ing B® signals from a level of background which is 
three orders of magnitude higher at production. This 
is achieved at CDF II and DO with dedicated detec- 
tors, triggers and sophisticated analyses. 



2. The Tevatron Collider and the CDF II 
and DO Detectors 



The Tevatron Collider collides 36 pp bunches at \/s 
1.96 TeV. The design instantaneous luminosity was 
~ 2 s _1 but the Tevatron now exceeds it and 
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set the peak luminosity record at 2.8 xlO 3 
With an already integrated luminosity of 2.5 fb _1 , the 
expectation is to have integrated ~8 fb" 1 by the year 
2009. 



2.1. The CDF II Detector and Trigger 

The elements of the CDF II detector (Fig. [TJ most 
relevant for B physics analyses are the tracker, the 
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Figure 1: Quarter view of the CDF II tracker. Starting 
from the beamline are visible the silicon detectors (LOO, 
SVXII and ISL), the drift chamber (COT), the Time of 
Flight detector and the solenoid. Also reported are the 
plug calorimeters. The central calorimeter and the muon 
chambers which surround the solenoid are not reported in 
this drawing. 



particle identification detector and the muon system. 
The CDF II tracker is located within a 14.1 kG 
solenoidal magnetic field and it is composed of a drift 
chamber and of silicon detectors. There are three in- 
dependent silicon detectors, SVXII, ISL and LOO, for 
a total of eight silicon layers, 704 ladders and 722,432 
channels 0], posed between the radii of 1.5 cm and of 
28 cm from the beamline. The Central Outer Cham- 
ber (COT, 0) is located outside the silicon detec- 
tors and inside the time-of-flight detector scintillators. 
The active volume of the COT spans 310 cm in the 
beam direction, 43.4 cm and 132.3 cm in radius, and 
the entire azimuth. The COT contains 30,240 sense 
wires that run the length of the chamber between two 
end plates. Approximately half of the wires are axial 
(run along the z direction) and half are small angle 
(±2°) stereo. The r — (f> view provides information 
for the pt measurement, the r — z view for the r\ mea- 
surement. The achieved performance of the integrated 
CDF II tracker is a transverse momentum resolution 
°~(pt)/Pt — 0.15 % (GeV/c) -1 and an impact pa- 
rameter resolution <j(d) = 35 @2 GeV/c. This 
performance is crucial for the B physics analyses. 
CDF II uses two complementary techniques for par- 
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ticle identification, one is the dE/dx measurement in 
the COT, the other one is the time-of-fllght mea- 
surement in a dedicated detector. The COT read- 
out electronics allows to measure the pulse width, 
which is related to the amount of charge collected 
by the wire. The truncated mean (80 %) computed 
on the hits associated to a track provides a mea- 
surement of the specific ionisation (dE/dx) in the 
chamber. A detailed calibration of the dE/dx mea- 
surement has been performed using samples of kaons 
and pions from D* + — > D°tt + — > [K~ir + ]ir + , pro- 
tons from A — > p7r~, and muons and electrons from 
J/ip — > and J ftp — > e + e~. The achieved K/tt 

separation for p? > 2 GcV/c is 1.4o\ The Time-of- 
Flight detector (TOF, Q) is composed of 216 scintil- 
lator bars istalled between the drift chamber and the 
solenoid magnet at a radius of roughly 138 cm. The 
time resolution on the single hit is 110 ps and the K/tt 
separation is better than 2a for pr < 1.5 GeV/c. By 
combining the dE/dx and the time-of-flight measure- 
ments, the achieved K/tt separation is better tha 1.4 a 
in the entire momentum range. 

The CDF II central muon detector [5[ is located 
around the outside of the central calorimeter, which 
is 5.5 interaction lengths thick, at a radius of 347 cm 
from the beam axis. The pseudorapidity coverage of 
the muon detector is | 77 |< 1. 

CDF II uses a three-level system to reduce the 
1.7 MHz bunch crossing rate to 100 Hz written on 
tape. The Level 1 is a deadtimeless 7.6 MHz syn- 
chronous pipeline with 42 cells, which allows 5.5 fj,s 
to form a trigger decision. The maximum sustain- 
able Level 1 output rate is 30 kHz. The Level 2 is 
an asynchronous pipeline with an average latency of 
20 /is. While the events accepted by Level 1 are being 
processed by Level 2 processors, they are also stored in 
one of the four Level 2 buffers, waiting for Level 2 trig- 
ger decision. Each buffer is emptied when the Level 2 
decision for the corresponding event has been asserted: 
if the event has been accepted, the buffer is read out, 
else it is simply cleared. If the Level 2 trigger deci- 
sion takes too much time and the four buffers are all 
filled, the Level 1 accept is inhibited. This is a source 
of deadtime for the CDF II trigger. The maximum 
Level 2 output rate is 300 Hz. The Level 3 trigger is 
made of a CPU farm and has a maximum output rate 
of 100 Hz. 

The heart of the Level 1 trigger is the eXtremely 
Fast Tracker (XFT, 0), the trigger track proces- 
sor that identifies high transverse momentum (j>t > 
1.5 GeV/c) charged tracks in the transverse plane of 
the COT. The XFT tracks are also extrapolated to 
the calorimeter and to the muon chambers to gener- 
ate electron and muon trigger candidates. 

The Online Silicon Vertex Tracker (SVT, Q) is part 
of the Level 2 trigger. It receives the list of XFT tracks 
and the digitised pulse heights on the axial layers of 
the silicon vertex detector. The SVT links the XFT 



tracks to the silicon hits and reconstructs tracks with 
offline-like quality. In particular the resolution on the 
impact parameter, which is a crucial parameter to se- 
lect B events since they tipically show secondary ver- 
tices, is 35 /im for 2 GeV/c tracks. The SVT efficiency 
is 85 % per track. 

The Level 3 trigger is implemented on a CPU 
farm which allows to perform an almost offline-quality 
event reconstruction. 

CDF II has basically three families of triggers for 
B physics: the dimuon trigger, the semileptonic trig- 
ger and the hadronic trigger. The dimuon trigger se- 
lects muon pairs with transverse momenum as low as 
1.5 GeV/c. It is mostly used to select J ftps and tp(2S), 
to reconstruct the many decay modes of the B hadrons 
(B°, B + , J5°, B c , and At) containing a J/ip decaying 
to muon pairs, and to select T — > decays, or 

muon pairs for the search of the rare B — > /i + fi~X 
decays, or for bb correlation studies. The semilep- 
tonic trigger selects events with a lepton (/x or e) with 
p T > 4 GeV/c and an SVT track with p T > 2 GeV/c 
and impact parameter above 120 /im. The hadronic 
trigger selects track pairs with pr > 2 GeV/c and 
Pt\ + PT2 > 5.5 GeV/c, with an opening angle in 
the transverse plane below 135°, impact parameter 
above 100 /im, a decay length above 200 fim. For 
the two-body decay trigger path, optimised to collect 
B — > h + h ~ decays, the track pair is requested to 
point back to the primary vertex, by requiring that 
the impact parameter of the reconstructed B is below 
140 /im. To select hadronic multibody decays, like 
B® — > D~tt + , the request on the pointing back to the 
primary vertex has low efficiency, since the track pair 
provides only a partial reconstruction of the multi- 
body decay, and it is not applied. 

2.2. The DO Detector and Trigger 

The DO detector (Fig. [2]) consists of a magnetic 
central-tracking system, comprised of a silicon mi- 
crostrip tracker and a central fiber tracker, both lo- 
cated within a 2 T superconducting magnet. The fiber 
tracker has eight thin coaxial barrels, each supporting 
two doublets of overlapping scintillating fibers, one 
doublet being parallel to the collision axis, and the 
other alternating by ±3° relative to the axis. Central 
and forward preshower detectors located just outside 
of the superconducting coil in front of the calorimetry 
are constructed of several layers of extruded triango- 
lar scintillator strips. The nextr layer of detection 
involves three liquid- argon/uranium calorimeters: a 
central section covering | r\ |< 1.1 and two endcap 
calorimeters that extend coverage to | 77 |< 4.2 all 
housed in separate cryostats. The muon system is lo- 
cated beyond the calorimetry, and consists of a layer 
of tracking detectors and scintillator trigger counters 
before 1.8 T iron toroids, followed by two similar 
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CDF Run II Preliminary L. =1 fb 



Figure 2: View of the DO detector. 



layers after the toroids. A muon originating in a pp 
collision traverses the silicon detector and the scin- 
tillating fiber tracker in the 2 T solenoidal magnetic 
field, the calorimeter, and the muon spectrometer and 
1.8 T magnetised iron toroids. The momentum of the 
muon is measured twice: once by the local muon sys- 
tem and once by the central-tracking system. The po- 
larities of the toroid and the solenoid magnetic fields 
are reversed roughly every two weeks so that the four 
solenoid-toroid polarity combinations are exposed to 
approximately the same integrated luminosity. This 
allows cancellation of first-order effects of the detector 
geometry. 

The trigger and data acquisition systems are 
designed to accomodate the high luminosities of 
run II. Based on preliminary information from tack- 
ing, calorimetry, and muon systems, the output of the 
first level of the trigger is used to limit the rate for 
accepted events to 2 kHz. At the next trigger stage, 
with more refined information, the rate is reduced fur- 
ther to 1 kHz. The third and final level of the trigger, 
with access to all the event information, uses software 
algorithms and a computing farm, and reduces the 
output rate to 50 Hz, which is written tape. B trig- 
gers are based on single letpons (pr > 3.0 GeV/c) and 
on muon pairs (pt > 2.0 GeV/c). 



3. CDF Measurement of Direct CP 



Asimmetry in the B° s 



K~ 



7T 



Decay 



CDF II reported the first evidence of the decay 
and measurement of the direct CP asimmetry in the 



K 7r + decay reconstructed in the data taken 



by the hadronic trigger ( 1 fb -1 ). In the offline analy- 
sis an unbiased optimisation procedure determined a 
tightened selection on track-pairs fit to a common de- 
cay vertex, optimising the sensitivity for discovery and 
limit setting [13[ . In addition to tightening the trigger 
cuts, the discriminating power of the B® meson isola- 
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Figure 3: Invariant mass distribution of B?, 
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candidates passing all selection requirements. The invari- 
ant mass is computed by assigning the pion mass to both 
tracks in the decay. 



tion and of the information provided by the 3D recon- 
struction capability of the CDF tracking were used, al- 
lowing a great improvement in the signal purity. The 
resulting 7T7r-mass distribution (Fig. [3]) shows a clean 
signal of £?9s — > h + h ~ decays. In spite of a good mass 
resolution (w 22 MeV/c 2 ), the various B, — > h + h 
mdoes overlap into an unresolved mass peak. 

The resolution in invariant mass and in particle 
identification is not sufficient for separating the in- 
dividual decay modes on an event by event basis, 
therefore an unbinncd maximum likelihood fit was 
performed, combining kinematic and particle identi- 
fication information, to statistically determine both 
the contribution of each mode, and the relative con- 
tributions to the CP asimmetries. For the kinematic 
portion, three loosely correlated variables were used 
to summarise the information carried by all possible 
values of invariant mass of the B candidate, result- 
ing from different mass assignments to the two out- 
going particles. They are: (a) the mass M n7r cal- 
culated with the charged pion mass assignment to 
both particles; (b) the signed momentum imbalance 
a = {\—p\jp-i)q\, where p\(j>i) is the lower (higher) of 
the particle momenta, and q\ is the sign of the charge 
of the particle momentum p\ (Fig. 2]); (c) the scalar 
sum of the particle momenta p tot — p\ + P2 ■ Parti- 
cle identification information derives mostly from the 
dE/dx measurement in the drift chamber which pro- 
vides a 1.4(7 separation between pions and kaons in 
the momentum range of interest. A sample of 1.5M 
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Figure 4: Mm versus signed momentum imbalance a — 
(1 — Pi/p2)?i for the £?s - * ^ + ^- ~ decays. Similar curves 
are for the B® — > h + h ~ and A° — » ph decays 



Figure 5: Tagged D° — > _K" _ 7r + decays from D* + —* 
D°n + — » [A' _ 7r + ]7r + : distribution of dE/dx around the 
average pion response, for calibration samples of kaons and 
pions. 



decay products are identified by the charge of the D* + 
pion, was used to calibrate the dE/dx response over 
the tracking volume and over time (Fig. [5]). The mass 
resolution function was parameterised using the de- 
tailed detector simulation. To take into account non- 
Gaussian tails due to the emission of photons in the 
final state, soft photon emission was included in the 
simulation using recent QED calculations [3]. The 
quality of the mass resolution was verified using about 
500k D° — > K~ir + decays and improved agreement 
was found between data and the simulation including 
the final state radiation. 

In addition to the improved measurement of branch- 
ing fractions of the already known modes (B — ► 



B" 



and B 



* K+K-) and of the 
direct CP asymmetry Acp(B° — > K + tt~), the anal- 
ysis observes three new rare modes for the first time 
(B° -> K--K+, Ag ->■ pir and Ag -> pK), with a sig- 
nificance respectively of 8.2a, 6. Oct and 11.5ct, which 
includes both statistical and systematic undertainty. 
To convert the yields returned from the fit into rela- 
tive branching fractions, we applied corrections for ef- 
ficiencies of trigger and offline selection requirements 
for different decay modes. 

The relative efficiency corrections between modes 
do not exceed 20 %. Most corrections were determined 
from the detailed detector simulation, with some ex- 
ceptions which were measured using the data. The 
only correction needed for the direct CP asymmetries 
A C p(B° -> K+-K-) and A CP {B S -> K-JT+) was a 
< 0.6 % shift due to the different probability for a K + 
and K~ to interact with the tracker material. The 
measurement of this correction has been performed 
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Figure 6: Likelihood ratio for the measurement of Acp in 
the B° -> K~tv + decay. 



using a sample of 1M of prompt D Q — ► K~ir + de- 
cays reconstructed and selected using the same cri- 
teria as B9j — > h + h ~ decays. Assuming the stan- 
dard model expectation of Acp(D° — > K~ir + ) = 0, 
the difference between the number of reconstructed 
D° — > K~n + and D — > K + ir~ provides a mea- 
surement of the detector induced asymmetry between 



K + n and K ir + . The measured branching fraction 
of the newly observed mode BR(B° S — ► K~tt + ) = 
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(5.0 ± 0.75 ± 1.0) x 10~ 6 is in agreement with the lat- 
est theoretical predictions [ToT ]. which are lower than 
previous predictions [l6[. 

The analysis measures for the first time the di- 
rect CP asymmetry A C p(B° -> K-n+) = 0.39 ± 
0.15 ± 0.08, which favors a large CP violation in the 
B® decays. A robust test of the standard model 
can be performed by comparing the measurements of 
the direct CP asymmetry in the B® — > K~ir + and 
B° — > K + ir~ decays ljj. The estimated expected 
value for Acp{B° s — > K~tt + ) w 0.37 is in agreement 
with the CDF II measurement. The branching frac- 
tion BR{B Q S -> K+K-) = (24.4 ± 1.4 ± 4.6) x 10~ 6 
is in agreementt with the latest theoretical expecta- 
tions [lH- With a large B° s -> K+K~ sample (w 
1300 ev/fb -1 ) and the flavor taggers optimised and x s 
measured, CDF has all the ingredients for a time de- 
pendent Acp measurement in this mode [l^ | , which is 
particularly interesting with the full statistics (8 fb -1 ) 
expected for run II. 
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Figure 7: Invariant mass distribution of the (J/ip, sys- 
tem for the B® candidates. The curves are projections of 
the maximum likelihood fit. 



4. Measurements of Ar s and 4> s 

The standard model predicts sizeable mass and de- 
cay width differences between the light and heavy 
eigenstates of the mixed B® system. The CP violating 
phase is expected to be small, thus the two mass eigen- 
states are expected to be CP eigenstates. Phenom- 
ena beyond the standard model may reduce the ob- 
served Ar compared to the standard model prediction 
Ar fa AT S M x cos((j) s ) 0). The decay B Q S J/V></> 
gives rise to both CP-even and CP-odd final states, 
which can be separated through a study of the time- 
dependent angular distribution of the decay products 
of the J /ip and <j) mesons. This allows to measure the 
lifetime difference between the two states and provides 
sensitivity to the mixing phase through the interfer- 
ence terms between the CP-even and CP-odd waves 
21]. The angular analysis of the B® — ► J/4>4> de- 
cays has been performed both by CDF and DO. Both 
experiments reconstruct the decay modes in samples 
collected by the muon triggers, which require the pres- 
ence of muon segments in the muon detectors matched 
to central tracks. In the offline analysis J/i/j and <fi 
candidates are required to be consistent with coming 
from a common vertex and to have an invariant mass 
compatible with the B° mass The proper decay length 
ct is defined by the relation ct = L^ y ■ M B o /pr, where 
Mpo is the measured mass of the B® candidate. A 
simultaneous unbinned maximum likelihood fit is per- 
formed to the mass, proper decay length and three 
decay angles. In the coordinate system of the J/4> 
rest frame, where the (j) meson moves in the x direc- 
tion, the z axis is perpendicular to the decay plane of 
<\> — > K + K~ and p y (K + ) > 0, the transversity polar 
and azimuthal angles (6, </>) describe the direction of 



the // + , and ip between p(K + ) and —p(J/ip) in the <ft 
rest frame. From the analysis of 1.1 fb -1 of data DO 
estimates a yield of 1039±45 events, with an aver- 
age lifetime t(B° s ) = 1.52 ± 0.08(stat) ± 0.03(syst) ps 
and a width difference between the two mass eigen- 
states Ar = 0.12toHo(stat) ± 0.02(syst) ps -1 . Al- 
lowing for CP violation in the -B° mixing the first 
direct constraint on the CP violating phase <p s = 
-0.79 ± 0.56(stai) ± 0.U(syst) is obtained :22|. Us- 
ing a sample of 355 pb -1 of data CDF reconstructed 
203±15 decays and with an angular analysis mea- 
sured t(B° s ) = ' lA0t O o ll(stat) ± 0.02(syst) ps and 
Ar = 0A7to:ll(stat) ± O.Ol(syst) ps" 1 CDF 
is currently updating the analysis to 1 fb -1 of data. 
At the moment of writing these proceedings the CDF 
results are not public yet. 



4.1. DO charge asymmetry measurement 

DO has measured the dimuon charge asymmetry 
A = (N++-N—)/(N ++ +N—), where N++ (AT - ) 
is the number of events with two positive (negative) 
muon candidates passing selection cuts. This inclu- 
sive, tagged measurement is sensitive to CP violation 
in B® mixing. The dimuon charge asymmetry A has 
contributions from both B° and -B°, therefore this 
measurement at the Tevatron collider is complemen- 
tary to similar measurements at B factories that are 
sensistive only to A B o , not A B o . The DO measure- 
ment is A = -0.0092 ± 0.0044(stai) ± 0.0032(syst) 
24j. There are several sources of systematic errors 
contributing to this measurement, such as the detec- 
tor effects, which are significantly reduced by averag- 
ing over the samples collected with the different 
combinations of magnetic field polarities, the different 
K interaction rates with the detector material which 
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Figure 8: Proper decay length ct of the — > J/ip<f> can- 
didates in the signal mass region. The curves show the sig- 
nal contribution, the CP-even and CP-odd contributions 
of the signal, the background and the total curve. 
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Figure 9: Invariant mass distribution M(<j)n) for the se- 
lected Bs candidates. The curve shows the result of a fit 
with a double gaussian function for the D signals and an 
exponential for the background. 



generates different K ± — > /i ± rates, the presence of 
the dimuon cosmic rays, and the hadronic punch- 
through. Both B® and B° contribute to this quantity 
(A = + a ■ A s , where A& and A s are respectively 
the charge asymmetries of the B° and B° semileptonic 
decays, and a is a coefficient which depends on the 
B° and B® production rates and mixing parameters, 
which can be computed using the world average values 
a = 0.70 ± 0.07 (syst)±0A0(PDG)). The asymmetry 
Ad has been measured at B factories where only B° 
and B ± are produced, and the resulting average value 
is A d = -0.0047± 0.0046 [|||]. This measurement can 
be used to extract A s from the measurement of A and 
the resulting value is A s = —0.0064 ± 0.0101, where 
the statistical and systematic uncertainties are added 
in quadrature. 

DO has also measured a time integrated flavour 
untagged charge asymmetry A""' in the semilep- 
tonic B° s decays, defined as A u s nt = [N(fj,+Dj) - 
N{fi-D+)]/[N{n+D-) + N(n-D+)} where the ^Df 
pairs are produced in the semileptonic B® decays. 
This asymmetry is called untagged since the initial 
flavor of the B® meson is not determined. The mea- 
surement has been performed in a dataset of about 
1.3 fb -1 of integrated luminosity, using the decay 
B° s -> fj,D s vX, with D s -► 4> -> K-K+. B° s 
candidates were reconstructed by clustering a muon 
with pt > 2.0 GeV/c with three charged tracks, two of 
which assigned the kaon mass and required to have an 
invariant mass (1.004 GeV/c 2 < M(K+K~) < 1.034 
GeV/c 2 ) consistent with that of a ^ meson. The opti- 
mal selection on several discriminating variables (the 
angle between the D s and the K momenta in 

the K + K~ center of mass frame, the isolation of the 
{jJ.D s ) system, the \ 2 °f the D s vertex, the invari- 



ant masses M(fiD s ) and M(K+K~) a,ndp T (K + K~)) 
was determined by maximising the predicted ratio 
S/s/S + B. The resulting mass distribution of the Df 
candidates is reported in Fig. [5J The measured value 
of the time integrated untagged charge asymmetry is 
A" nt = [1.23 ± 0.97(stat) ± 0A7(syst)} x 10" 2 . The 
main systematics (added in quadrature in the final re- 
sult) are due to the different interaction with the 
material, the estimate of the B® fraction in the fj,D s 
sample and the fitting procedure (estimated by vary- 
ing the masses and widths of the peaks and the slope 
of the background by la). Statistics dominates the 
error on this measurement and it will be improved in 
the future with the increase of statistics and addition 
of new decay modes [27j | . 

The two above DO measurements are nearly inde- 
pendent as well as the systematic uncertainties. Thus 
they can be combinated to give the best estimate of 
the charge asymmetry in the semileptonic B® decays 
A s = 0.0001 ± 0.0090. A s can be related to the CP 
phase 4> s by the formula A s = (AT S /AM S ) • tan(cj> s ) 
jUj]. Using the CDF II measurement AM S = 17.8 ± 
0.1 ps -1 [29( the following constraint is obtained 
AT S -tan{(f) s ) = A S -AM S = 0.02 ±0.16 ps" 1 . The fit 
to the B° — > J/tp(f> data has been repeated by DO in- 
cluding the above constraint from the measuremnt of 
A s and the likelihood contours are presented in Fig.fTDl 
and Fig. QXJrespectively m the Ar s -r s plane and Ar s - 
<p s plane. There is an unresolved 4-fold ambiguity 
of the solutions. For the solution with <f> s < and 
smaller absolute value, the decay width and CP violat- 
ing phase are measured to be Ar s = 0.13 ± 0.09 ps" 1 
and 4> s — —0.70^Q'3g, consistent with the standard 
model predictions. The measurement uncertainty is 
dominated by the limited statistics. 
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Figure 10: Error ellipse in the Ar s versus t s plane for 
the fit to the B® — > J/ijj<j> data and for the fit with the 
constraint from the two DO measurements of the charge 
asymmetry in the semileptonic B® decay, and from the 
world average flavor specific lifetime. Also shown is the 
la band representing the world average result for r/ s and 
the la band representing the theoretical prediction Ar s = 
0.088 ± 0.017 ps -1 [|fj 
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Figure 11: Error ellipse in the AT S versus (j> s plane for 
the fit to the B® — > J/ip4> data and for the fit with the 
constraint from the two DO measurements of the charge 
asymmetry in semileptonic B® decay and from teh world 
average flavor-specific lifetime. The central values for all 
four solutions of the unconstrained fit are indicated by blue 
squares. Also shown is the band representing the relation 
Ar s = Arf M x\cos((j> s )\ with Arf M = 0.088±0.017ps _1 . 



5. Conclusions 

In this paper we have reviewed CDF and DO results 
concerning CP violation in the B® sector. Both col- 
laborations have been very active in this area. CDF 
has performed a measurement of the direct CP asym- 
metry in the B® — + K~ir + decay mode using the 



data collected by the hadronic trigger. Both col- 
laborations have performed angular analyses of the 
Bg —> J /^4> which provide measurements of Ar s and 
4> s . DO has performed charge asymmetry measure- 
ments in the single muon and dimuon samples. With 
the 2.5 fb -1 already on tape and the 8 fb -1 expected 
by 2009 the CDF and DO collaborations are confident 
to have many more and better results soon. 
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